transverse incision was adequate for the proper performance of the operation. When the bladder was closed completely it should be done with two layers of sutures and its security tested by washing through the catheter before the abdominal wall was closed. As the operation took longer than a simple enucleation of the prostate the choice of anmesthetic was important, and he had found that a low spinal followed by gas-and-oxygen and a complete abdominal field block was the most suitable combination for the majority of patients.
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Mr. MORSON (in reply) said that apparently Mr. Walter Galbraith had followed out the late Harry Harris's technique in its entirety. He hoped that Mr. Galbraith would be converted to the importance of the modifications which he had introduced. He entirely agreed that spinal anmesthesia was contra-indicated.
Mr. Arthur Jacob appeared to have been singularly unlucky with some of his cases. Such complications as he had mentioned were often due to errors of technique; the clumsy use of the boomerang needle was one of them. Mr. Jacob had stressed the dangers of secondary hsemorrhage and sepsis. He (Mr. Morson) had dealt in full with these complications in his address at Melbourne in 1935. Unfortunately they were associated with any type of operation for prostatic obstruction, but they were less often met with in the Harris technique than in any other surgical procedure.
In answer to a question as to technique: Silk should never be used as a suture material in the urinary tract; it always promoted sepsis.
In reply to a further question as to the proportion of cases in which he (Mr. Morson) carried out the Harris technique: In all cases in which the major operation was indicated and the bladder was large enough to accommodate the special retractors and gave room for the careful manipulation of the boomerang needle. He had no criticism to offer to Mr. Riches' preference for the transverse incision. In his opinion it was of little importance which incision was adopted.
Mr. Wells was wise, when operating at a distance from his home, to leave in a suprapubic tube, for under such conditions he could not personally supervise the after-treatment.
[4pril 23, 1937] The Treatment of the Bladder in Spinal Injuries in War By Sir JOHN THOMSON-WALKER, F.R.C.S.
ANYONE who had to deal with large numbers of cases of spinal injury during 1914-18 will agree that the treatment of the bladder in these cases was one of the surgical failures of the War. The probable cause of the failure was that the methods in use in peace time were unsuitable in war, partly because of the surroundings and partly because of the varying ability and the lack of co-ordination of those through whose hands the cases had to pass.
It will be convenient to refer firstly to the changes in the bladder function that follow injuries to the spine, secondly to show whither failure in treatment led, and finally to describe and compare the different methods of treatment available.
VARIATIONS IN THE FUNCTION OF MICTURITION FOLLOWING INJURY TO THE SPINAL
CORD It has long been established that destruction of the supra-lumbar spinal cord at any point is followed immediately by complete retention of urine, and that at a variable time following the injury the lumbar centre recovers its tone and involuntary reflex micturition becomes established (Corner, 1901) . In the large number of cases that came under my care these two stages, namely (1) Stage of retention, and (2) stage of periodic reflex micturition, were clearly defined.
The duration of the stage of retention varied in different cases, the shortest I noted being twenty-four hours and the longest eighteen months. The average duration in thirty consecutive cases was fifty-five days. After some days or hours the urine begins to dribble away, the bladder remaining distended (retention with overflow).
The stage of periodic reflex micturition, active incontinence, or the automatic bladder, commences gradually and there is a transition period during which the bladder is partly distended with urine but periodic contraction of the bladder wall takes place and expels a quantity of urine. The bladder contraction gradually increases in power until the quantity of residual urine left after micturition is small or there is none at all.
In the fully developed stage of periodic reflex micturition the bladder is a purely reflex organ, with a capacity varying from two to twelve or more ounces of urine and involuntary micturition occurs at intervals of a quarter of an hour to two or three hours. I was early struck by the effect on the bladder function of injuries to the lumbar spine where the lumbar enlargement of the cord and the cauda equina were affected. It had been the clinical teaching before the War that in the human subject destruction of the lumbar centre and of the cauda equina was followed by complete paralysis of the bladder with overflow. Experimental work on dogs by Golz and Ewald (1896) , however, had shown that micturition returned after removal of the whole spinal cord, and Muller (1901) confirmed their results. Langley and Anderson (1894) held that this was due to the branching of efferent nerves and Langley (1900) called it an "axon-reflex ". An admirable review of the literature is given by Fearnsides (1917) .
Returning again to the clinical conditions in the human subject I may quote from my description (1917) of the condition I found where the site of injury was at the lumbar or sacral regions. " In five cases of injury to the lumbar spine two showed symptoms of a partial lesion of the cord. In one of these voluntary micturition was performed and in one of them there was periodic reflex micturition. In three of the cases the symptoms pointed to a complete lesion, and in each of these there was periodic reflex micturition.
" Lesions of the cauda equina were present in fourteen cases examined. The effect of the nerve injury showed remarkable variation. Three cases of partial lesion of the cauda equina passed water voluntarily and normally. Eight cases of partial lesion had periodic reflex micturition following a stage of complete retention. " Two cases of partial lesion of the cauda equina had complete retention, one for two months and one for eighteen months after the injury. One case had a complete lesion with retention."
There was here clinical evidence that lesions of the lumbar cord and of the cauda equina in the human subject, although prone to variation, followed in most cases the same sequence of events in the act of micturition as those of the supra-lumbar lesions of the cord. They thus fall in line with the experimental work on animals.
URINARY INFECTION
In a recent paper of much interest Mr. Geoffrey Jefferson (1936) was able to say of a series of cases of injury to the spinal cord under his care, that " no patient who might otherwise have recovered has died of urinary infection." To anyone with experience of such cases in the war of 1914-1918 this statement is in striking contrast to the results under war conditions. But even in peace time these cases are subject to serious urinary infection and we may select as an example one of Mr. Geoffrey Jefferson's own cases recorded elsewhere by Mr. Kenneth Watkins (1936) . Of case No. 6 in this series Mr. Watkins writes: "This patient developed a serious urinary infection and at one time it appeared likely that he would die of pyelonephritis." I shall relate my own experience in such cases during the War, and shall refer to others whose experience was similar. My opportunities of observing cases of spinal injury with bladder involvement in the middle and late stages of their course were exceptional. At the King George Military Hospital from May 1915 to the end of 1916 I examined 339 cases of spinal injury in which the bladder function was involved, and as I remained on the staff of the hospital till late in 1919 the total number of cases was much greater. The cases arrived at the hospital about fourteen to twenty-one days after the injury, but the interval was less when heavy casualties were being incurred at the front. The stay in hospital was about a month or eight weeks, and when the patients survived that time they were then drafted on to such permanent institutions as the Star and Garter Home.
At the Star and Garter Home there were 65 beds occupied almost exclusively by cases of spinal injury. During the period already noted I examined 111 cases there and these were added to as vacancies occurred; over 90 % of all cases arriving at the Star and Garter Home had had serious infection of the urinary tract.
Of the 339 cases at the King George Hospital 160 died from urinary infection.
that is a death-rate of 47.2% during the period of six or eight weeks after the first fortnight following the injury. At the Star and Garter 19 out of 111 cases (17-1 per cent.) at a late stage varying from one to three years after the injury, died of urinary infection. In 1919 I estimated that the total death-rate due to urinary sepsis in spinal cases was 80% (Thomson-Walker, 1919) , and having watched these cases in the later stages until 1929 I see no reason to reduce the figure. In the figures published for the American Army the figure of 80% is also given. In a valuable paper by Vellacott and Webb-Johnson (1919) these writers state that at Netley Hospital during the last five months of 1917 the mortality in these cases was 65% of the cases admitted. This was the record of urinary sepsis in spinal injury in the War-a lamentable tale of surgical failure. How was it brought about ? The universal treatment of the bladder in such cases was by intermittent passage of the catheter, and it was septic catherization that led to the mortality already quoted. The passage of the catheter commenced as early as possible and was repeated as regularly and as frequently as circumstances permitted. Between each passage of the catheter the bladder became distended with grossly infected urine and the infection quickly passed to the kidney along the lumen of the ureter and doubtless also along the ureteric lymphatics. It is true that at the end of the War other methods were being used in some of the areas in France. But it was almost certain that at some part of the journefrom the front to the base hospital in this country, the case that had started well in such areas was infected by catheter by some well-meaning blunderer.
There is no difficulty in quoting such cases. The following two are typical
[.-J. F., aged 33, fell down hold of vessel September 7, 1918. Fracture dislocation of lumbar spine, injury to cord at twelfth dorsal segment. On his arrival at Star and Garter Home February 14, 1919, bladder showed periodic reflex micturition with three ounces of residual urine. Urine alkaline, purulent, with heavy deposit. Right pyelonephritis. Bedsores at sacrum and heels. My note ran as follows: " This patient was treated at the American Hospital, Boulogne, by 'expression' of urine and got on well. Began to pass water automatically seven to ten days after the accident. On hospital-ship doctor passed catheter in spite of papers stating that the patient must not have a catheter passed. This infected bladder and kidney " (February 28, 1919 ).
The second case was treated by immediate suprapubic cystotomy and the tube removed during transit.
II.-P. B., aged 24, 21st K.R.R. Shrapnel bullet, complete lesion at third lumbar segment. Removal of bullet and suprapubic drainage at C.C.S. twenty-four hours aften injury. I noted: " Suprapubic drain connected with tube and kept perfectly dry at C.C.S. After left C.C.S. drain removed and urine allowed to soak. At Boulogne Base Hospital fourteen days and in Base Hospital in England fourteen days tube out and urine soaking. Bedsores developed. Then tube reinserted and connected up, wound dry, and bedsores healed." Admitted to Star and Garter Home January 16, 1919. Suprapubic drainage: recurring attempts to micturate. Urine acid, almost clear, slight deposit. Fortunately in this case free drainage of the bladder had prevented ascending pyelonephritis, and bedsores were the worst result of the blundering interference. TREATMENT Having discussed the failure of treatment of the bladder in spinal injuries during the War, 1914-18, I can pass to examine the various methods of treatment open for choice in the future. Some of these methods were tried during the War but the organization was imperfect and they were not carried out consistently, but were changed according to the whim of the medical officer immediately in charge. The surgical problem was neither difficult nor complicated. During the phase of complete retention, or retention with overflow, the problem was whether the distended bladder should be emptied and if so how, and during the stage of periodic reflex micturition the problem was the method of collection of the urine and the treatment of sepsis if present.
(1) Non-interference It has been a tenet of our surgical creed since any of us can remember, that a bladder distended with urine, owing to obstruction or paralysis, must be emptied by the surgeon at the earliest time possible. So deeply is this belief impressed upon us by teaching, by reading, and from practice, that it comes as a shock to the orthodox surgeon that any doubt as to its soundness should be raised. The spectres that lie behind are the fear that the bladder may rupture from over distension; or, that having been overstretched, or too long stretched, the involuntary muscle may not regain its contractile power when the obstruction is relieved or when the stage of periodic reflex micturition is due to develop. Other objections that have been raised are that pain may arise from the distension of the bladder in cases of partial severance of the cord, but these cases are few and are controlled by the use of morphia. Further, it has been stated that there is shock from the distension of the bladder but this is not so in the slow distension by urine of a paralysed bladder. Again, the effect on the renal function and the secreting structtures of the kidneys must be taken into consideration. F. A. Beasley (1917) is a strong advocate of non-intervention in cases of paralysed bladder from spinal injury. He recommends that the bladder be allowed to distend without any local interference until overflow takes place and, eventually, periodic reflex micturition develops. He has seen no damage to the bladder or kidneys and states that no rupture of the bladder ever takes place. So far as rupture of the bladder from distension is concerned, either spontaneously or as the result of treatment, this statement is incorrect, for cases are recorded by Hammond, Vellacott, and Webb-Johnson (1919) and others.
I have no experience of this method and, without more definite evidence that it has no deleterious effect on the bladder function or the renal secretion or structure, I do not consider that it is one to recommend for universal adoption. At the same time I do feel that we have made rather too much of a bogy of the distended bladder. We might, I think, make use of this information in considering the time for intervention in other methods of treatment.
(2) Expression of the Bladder Contents by Pressure and Massage As soon as possible after the injury the distended bladder is gently but firmly compressed and massaged through the abdominal wall with the object of expressing its contents and this is repeated every four or six hours. In some cases this is easy and the bladder is emptied or partly emptied, but in others difficulties arise. Connors and Nash (1934) warn us that the expression must be commenced before distension becomes too marked. When the bladder is greatly distended the method is painful and the patient rebels. In other cases abdominal symptoms appear, tympanitic distension of the abdomen, pain, and vomiting.
Contraction of the bladder sphincter is a difficulty in this method and may defeat the efforts of the surgeon to expel the urine. To overcome this the prostatic area and bladder neck are massaged simultaneously with the abdominal pressure. Morphia is given hypodermically, while heat to the perineum and the lateral position are recommended. Such drugs as apocodeine, pituitrin, and ergotin followed by adrenaline have also been suggested in order to inhibit the bladder sphincter. To these may be added " doryl " (carbaminoyl-choline), a recently introduced (Irug (Moir, 1937). Sacral aneesthesia by injection through the sacral hiatus has also been tried.
Instillation of local anaesthetics into the prostatic urethra has been used and one surgeon recommends the passage of large metal instruments to stretch and temporarily paralyse the sphincter. It seems almost unnecessary to point out that the instillation of anaesthetic fluids into the prostatic urethra and the passage of metal instruments is as dangerous from the point of view of sepsis as is the passage of catheters.
It is difficult to obtain statistics of this method. If one can accept the statements of some writers it was the sole method used in their hands, was simple, easy, and successful, and was universally adopted at the end of the War. But these writers only saw a part of the clinical course of the cases which after a few days or a fortnight passed out of their hands. As a result we have little but general statements on which to rely. A few cases of " expression " came under my care in their later stages, but all of these had been spoiled by the passage of the catheter and had become cases of urinary sepsis on catheter life or with late cystotomy. Vellacott and Webb-Johnson recorded 16 cases of treatment by expression in France; of these 10 were sent to England with the bladder in the early or the fully developed stage of periodic reflex micturition. Seven of these had sterile urine and three had mild cvstitis. There was a case of rupture of the bladder. This is a method that requires no instruments or apparatus and it avoids the passage of a septic catheter. It is said to be quite simple and easy. All these facts are strongly in its favour. But there are without doubt certain difficulties and dangers. There is the group of cases, how large I do not know, in which contraction of the sphincter gives rise to trouble and quite a crop of remedies have sprung up to overcome this, not always apparently with complete success. Undoubtedly also, regularity of attention and some skill in manipulation are essential.
It has been said that the continued distension of the bladder with the increased pressure during massage may rupture the bladder, or that it may cause delay in the development of the stage of periodic reflex micturition or even prevent it. I heard a good deal about rupturing the bladder in such cases during the War, but I was never able to get definite figures, so that it is difficult to say how many reports may have arisen from a few cases. That there is a danger of this complication in dealing with large numbers of varying cases by large numbers of medical officers and orderlies of unequal technical skill there can be no possible doubt, and this must be counted as one of the points in disfavour of this method. The valuable figures given by Vellacott and Webb-Johnson prove conclusively that the method does not prevent the development of periodic reflex micturition and this has been my own experience of the revival of the bladder muscle after long distension.
The method is entirely unsuited for cases where serious urinary sepsis has become established. Apart from the fact that the danger of rupture of the wall is greater in an inflamed bladder, massage of a distended infected bladder undoubtedly leads to regurgitation of septic urine along the lumen of the ureter, to the renal pelvis. Regurgitation of urine into the ureter is not difficult to produce as experience with cystography has shown us in cases where there is no interference with the nerve supply of the bladder. It occurs especially in the inflamed bladder and has been the subject of a number of articles (Pasteau 1914 , Kretschmer 1918 , Bumpus 1924 , Lepoutre 1925 , Praetorius 1925 . It is certain to occur in cases of nerve paralysis and over-distension of the bladder under the hand of the masseur. There is an excellent example of regurgitation in one of the X-ray illustrations in a recent article on spinal injuries (Watkins, 1936) .
(3) Intermittent Catheterization This was the method generally used in the late War and urinary sepsis resulted from its use with a very high mortality.
(4) The Indwelling or " Tied-in " Catheter A conde silk wove catheter is passed at the earliest time possible after the injury, fixed in position and led into a bottle. Washing of the bladder with suitable antiseptics is carried out daily. The catheter is changed twice a week. When the stage of periodic reflex micturition develops the catheter is removed. Time and care must be spent in tying in the catheter and in changing it, and supervision is needed during the passage down the line. If the catheter slips, as not infrequently happens, the bladder becomes distended, and intermittent catheterization is substituted by the attendant. This method, if used as a continuous drain, has the great advantage over intermittent catherization that it prevents the recurring distension of the bladder and forcing of the ureter. If used with a stopper or clip to evacuate the contents of the bladder at convenient times, it is merely a variant of intermittent catheterization with all its dangers.
In continuous catheter drainage cystitis will probably develop, but there is a free exit and no distension of the bladder, so that the infection does not ascend to the kidney and should be easily overcome when the patient has settled in permanent quarters. Patients vary greatly in the toleration of the urethra to an indwelling catheter and the constant supervision that is necessary to prevent urethritis in peace-time is doubly necessary under war conditions, where the infection is likely to be virulent. Unfortunately a late complication may develop in cases treated by this method where these conditions have not been strictly observed. After the method had been used for a time several cases arrived at the Star and Garter Home, in which a part of the urethral floor and the overlying structures had sloughed at the penoscrotal junction, leaving a gap of 12 in. or 2 in., as a result of the combined urethritis and the pressure of the tied-in catheter.
These patients were difficult to keep dry, for having reached the stage of periodic reflex micturition the urine was discharged at intervals through the hiatus in the urethral floor. The conventional urine bottle was useless and nothing that did not enclose the penis and scrotum as well would prevent flooding. A retained catheter buckled and projected from the gap. Fortunately plastic operations for the repair of the urethral gap proved successful, the urethral and penoscrotal tissues healing readily so long as the urine was efficiently drained by suprapubic cystotomy during the healing of the plastic operation wound.
(5) Early or " Prophylactic " Cy8totomy
Early in 1917 I published the heavy mortality that I have given in this article and made a plea for the entire avoidance of the catheter, and the drainage of the bladder by suprapubic cystotomy before any catheter had been passed. I did not expect to avoid cystitis entirely. What I was anxious to avoid was the distension of the bladder with septic urine in the intervals between catheterization, which caused ascending pyelonephritis. Cystitis alone could be cured but pyelonephritis was fatal.
The method I described could be rapidly performed and could, in peace-time practice, ensure a dry patient. From the first the method was persistently confused with the suprapubic drainage of a septic bladder with pyelonephritis, an entirely different procedure. Apart from this, criticism of the method was not wanting. It was said that the surgeons at the front were not sufficiently trained to carry out this method and it should not have been recommended on this account (F. Kidd).
Captain A. J. Hutton (1919) seldom saw a case reach the base " dry " with any method of suprapubic drainage, while he had frequently seen very foul bladders with widespread infection of the space of Retzius. This seems rather a devastating criticism of his fellow-surgeons, and he omits any reference to pyelonephritis, the really important matter. Lieutenant-Colonel Forbes Fraser (1919) stated that the method was largely practised and was the routine method in the second and fifth armies during six months of heavy fighting, catherization being strictly forbidden, but it was abandoned " on the introduction of the simple and satisfactory method of emptying the bladder by expression." I was unfortunate in meeting with few of these early cystotomy cases. But the small number that came my way were entirely satisfactory.
I had lectured to the medical officers of the Canadian Army on the subject, and was gratified to see two cases treated by immediate suprapubic cystotomy in a Canadian C.C.S. There had been no leakage alongside the tube; mild cystitis easily cleared up, leaving sterile urine, and there was no pyelonephritis. A full periodic reflex micturition developed and the suprapubic fistula healed.
The objections to early cystotomy may be summarized as follows (1) It is difficult to get a watertight drainage.
(2) Cystitis is certain to develop and bladder-washing is required.
(3) " Drainage of the bladder for any long period practically means the abandonment of any attempt to establish automatic function ", and " the bladder may be permanently damaged by the adoption of this course ".
If these criticisms are reliable, it looks as if early cystotomy were condemned out of hand. But do they really carry much weight ? Is it impossible for a surgeon of even moderate ability to produce a watertight suprapubic drainage ? I should not have thought so. There is however a method of cystotomy introduced by Mothersill and Clifford Morson (1921) which is even simpler and, slightly modified, would be suitable for these cases. A large rubber self-retaining catheter stretched on a stilet is held ready. The skin immediately above the pubic symphysis is punctured with a scalpel and a large-sized trocar and cannula is plunged directly backwards into the distended bladder. The trocar is withdrawn and the left forefinger prevents the escape of urine. The stretched self-retaining catheter is passed along the lumen of the cannula and the cannula is slipped out, while at the same time the self-retaining catheter is released and expands so as to fit the puncture in the bladder wall. The catheter is gently withdrawn until the mushroom end impinges on the inner opening of the puncture wound. A stitch may be passed through the skin to steady the catheter if the patient is to be moved. For dressing, a small piece of gauze, held by strapping, is all that is required. The catheter leads to a urine bottle and is changed in a week or ten days by stretching it on the stilet, and another is introduced. Washing will keep the bladder clean, but if there is difficulty about this it may be postponed till the base hospital is reached where it can be carried out under surgical conditions. Care in keeping the end of the catheter or extension tube protected, and in the urine bottle, is an obvious necessity. I have already referred to the fact that cystitis without intravesical pressure is not dangerous.
And now in regard to the question of drainage of the bladder preventing the development of periodic reflex micturition. One would have expected to hear this objection used against over-distension rather than against drainage. So far as drainage is concerned, the statement is quite erroneous. The development of the automatic bladder will take place however long the bladder is drained. The suprapubic fistula at this stage heals without difficulty when the tube is removed.
Mr. KENNETH WVATKINS, discussing the behaviour of the bladder in complete lesions of the conus iniedullaris and cauda equina, pointed out how such patients urinated by straining with their abdominal muscles and in this way expelled the urine retained within the bladder. He showed that although the detrusor imusele and internal sphincter were not entirely paralysed they were very ineffective in expelling urine from the bladder. There seemed to be a mnechanical resistance to einptying of the bladder in the region of the triangular ligament. If the patient urinated regularly by straining with his abdominal muscles he could keep himself fairly dry, but incontinence was always present in some degree, especially at niight-timne. On the other hand, transverse lesions of the spinal cord at a level above the sacral segments resulted in an entirely different type of bladder function. At frequent intervals powerful contractions of the bladder wall occurred and emptied the bladder, a true reflex micturition which differed from the normal only in that the patient was quite unable to control it. This could be described as periodic reflex micturition. It was a much more perfect bladder function than the first type, but much less satisfactory from the patient's standpoint.
With regard to infection, he thought that the second type of case-that of a transverse lesion, with an active reflex micturition, was much mnore liable to serious infection of the upper urinary tract. In his experience the less active bladder, from-n lesions of the conus or of the cauda equina, had not caused upper-tract infection of any severity. Non-instrumentation and expression of the bladder for the initial stage of acute retention had been undertaken in several cases, occasionally with great success. In two cases, however, a single unauthorized catheterization in the early stages of this treatment had led to very severe cystitis and a slough of the whole lining of the bladder wall, necessitating suprapubic drainage. Probably in cases with transverse cord lesions and true periodic reflex micturition there would be ready healing of a suprapubic cystostomy sinus, but the colius and cauda equina lesions, with the less active bladder and a large amount of residual urine, might prove inore resistant. One case with an incomplete cauda equina lesion had shown fairly rapid healing of the suprapubic cystostomy sinus after re-suturing.
